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The amount of organic matter caught by feeding behaviour of a Mytilus 
edulis L. population living in one square meter of rocky intertidal shore at 
Asamushi, northern Japan, was estimated to be 8.39 kg/yr (dry weight). This was 
composed of 3.41 kg of faeces, 0.89 kg of pseudofaeces and 4.09 kg of gross assimila-
tion. The organic matter contents of suspended materials and faeces in situ were 
greatly variable, between 21.6 and 68.2%, and between 20.3 and 49.2%, respectively. 
Assimilation efficiency in the field was 11.5-80.3% with an average of 54.5%. 
There was no remarkable difference in efficiency between mussels fed on Ohlorella 
in the laboratory and those on natural suspension in the field. M. edulis produced 
organic matter even when fed on inorganic clay mineral (combusted mont-
morillonite). It may be that a little organic matter (comprising 2% of the .total 
amount of faeces and 4% of the total amount of pseudofaeces) is not derived 
directly from the food ingested. 
Suspension feeding benthic animals catch organic particulate material as food 
and store it in their habitat. While part of the organic material ingested is 
assimilated, the rest is egested as biodeposits, i.e. faeces and pseudofaeces. How 
much organic matter is caught and stored by them ? 
On the rocky intertidal shore of Mutsu Bay, northern Japan, the mussels, 
Myti/;us edulis andfor Septifer (Mytilisepta) virgatus, zone is conspicuous and many 
small animals, including polychaetes, amphipods, nemertineans, and molluscs, etc., 
live among the mussels (TsucmYA, 1979). The species diversity is high in the 
mussel zone, since mussels offer a variety of living spaces for small animals. Surface 
area of the intertidal zone increases with increasing the density of M. edulis and 
the biomass of microalgae growing on the shells may also increase. The microalgae 
may be used as food by herbivores. On the other hand, sand, mud and detritus 
deposited among the mussels form habitat and/or are used as food for deposit 
feeders. Biodeposits produced by the mussels may also be deposited between 
them and used in the same manner. Thus, suspension feeders play an important 
role in rocky intertidal communities. In order to analyze the community structure 
or food relations on rocky shores, the state of attachment and biomass of the 
animals will be studied first. It is also important to investigate the energy budget 
of the dominant suspension feeders and feeding habits of small animals. 
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In a previous paper (TsucHIYA, 1980), the amount of faeces produced by a M. 
edulis population in one square meter of rocky intertidal was estimated to be 
9.20 kg/yr and the pseudofaeces was 2.71 kg/yr (dry weight). In the present 
paper, the amount of organic materials assimilated by the M ytilus population in a 
year is estimated and the organic matter budget of the Mytilus population is 
constructed. 
MATERIALS AND METHODS 
All experiments were conducted under natural water temperature conditions in 
different seasons. Mussels were collected at the rocky intertidal near the Marine 
Biological Station, Tohoku University (MBS, 40°55'N, 140°50'E), just piror to 
each experiment. They were kept unfed for 24 h in filtered sea water to empty gut. 
Then mussels were transferred to a 1 litre beaker supplied with filtered sea water 
and food. Artificial organic particles made of Ohlorella and inorganic clay 
mineral, mainly consisting of montmorillonite, were used as food. After feeding, 
faeces and pseudofaces deposited on the bottom of the beaker were separately 
collected, dried in a desiccator, and then weighed. Mussels transferred to filtered 
sea water after the experiment also produced faeces which was weighed by the 
same method. 
Assimilation rate was calculated by t he following equation: A (assimilation) 
= F s (food supplied) -Fa (faeces) - Ps (pseudofaeces) - Fr (remmants of food). In 
the present study, Fr was 0 because all experiments were continued until the 
water became clear, i.e. no amount of food was measured in the water after the 
experiment. Each component is given as the amount of total organic matter. The 
total organic matter contents of food and biodeposits were obtained from loss on 
ignition (500°C, 2 h). 
Assimilation efficiency m the field was calculated according to the method 
described by Conover (1966) . Assimilation efficiency (U) is given by following 
equation; 
U = 
F-E ---- x 100 
(1-E) (F) 
where F is the ash free dry weight : dry weight ratio of the ingested food, and E the 
same ratio of the representative sample of faeces . To know the organic content of 
ingested food, 2 litre of sea water collected at the shore near MBS was filtered by a 
pre-ashed glass filter (Whatman GFC). Then the filter was flushed with distilled 
water, dried at 60°C for 2 hand weighed, and ashed at 500°C for 2 h and weighed 
again. Simultaneously with water collection, mussels were removed from the shore, 
cleared, and placed in filtered sea water. When the mussels finished producing 
faeces, faeces were removed onto glass filter and the total amount of organic 
materials was measured by the method described above. 
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RESUW'S 
Oleamnce of sea wate1· by the feeding of the mussel 
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Fig. 1 shows an example of the process of the clearance of the suspended 
particles. A single mussel was put in a l litre bea]wr which contained sea water 
and cultured Ohlm·ella (Fig. 1a). In time, the water became clear and biodeposits 




Fig. l. Clearance ~f suspended pa.rticl ~s in sea water by the mussel. a : Stm·t of experiment, 
one mussel of vO.mm shell length IS put Ill t he beaker (left) containing sea water and 
Chlorella s~U3penswn (20 mg/1). b a nd c : 1 h after the star t of experiment, the mussel 
had filtered sea water and produced biodeposits. R ight hand beaker is a control. 
Arrow shows biodeposits. 
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shell length cleared 20 mg/1 (dry weight of Chlorella) within 1 h at 20'0. Some 
factors, including body size, water temperature, food concentration etc., are 
known to affect the filtration rate. The rate increases with temperature up to an 
optimum temperature and decreases drastically when the temperature exceeds the 
optimum. The effect of some environmental factors on the filtration rate was 
reviewed by J);IRGENSEN (1966), WINTER (1978) and NEWELL (1979). 
Organic matter production 
The useless fraction of ingested suspended materials is combined with mucus and 
excreted as pseudofaeces. In order to determine the amount of organic material 
contained in the mucus, the experiments were conducted using inorganic clay 
mineral, mainly consisting of montmorillonite, com busted at 500°0 for 2 h, as food. 
When the water became sufficiently clear, faeces and pseudofaeces were separately 
collected and their total organic content was measured. Experiments were carried 
out at different food concentrations (14.5-20.8 mg/1) using large (24.61±2.92 g/ 
individual, mean wet weight with shells±SD) and small (7.04±0.97 g) mussels. 
Under the temperatures of 6-7'0, psuedofaeces of large mussels contained 4.83± 
1.58% (mean±SD) of organic matter and that of small ones 4.88±1.48%. Faeces 
also contained organic matter. 2.41±1.08% of total organic matter was contained 
in faeces of large mussels and 2.35±0.97% in that of small ones (Table 1). 
There was no remarkable difference between those of large and small n1ussels. 
Table 1 
Organic material contents of the biodeposit which was produced when the mussel 
was fed on inorganic clay mineral, mainly consisting of montmorillonite. 
Water temperature Weight of mussels Faeces Pseudofaeces 
CO) (g) (%) (%) 
+-------------T-----------+------
6.0- 7.0 24. 61±2. 92 2. 4!±1. 08 
6.0- 7.0 7. 04±0. 97 2. 35±0. 97 
20. 1-21. 5 26. 0!±2. 51 2. 39±0. 86 
20. 1-21. 5 6. 38±1. 87 2.05±!.41 
'''eight of mussels is given as wet weight including shells. 
Initial food concentration; 14.5-20.8 mgfl. 
4. 83±1. 58 
4. 88±1. 48 
4. 71±1. 79 
5.0!±2.33 
Similar amounts of organic matter were produced at 20.1-21..5°0. These 
results show that the mussels produced organic matter even when they were 
fed only inorganic matter, and larger amounts of organic matter are produced by 
larger mussels. 
Assimilation ejjicienCIIJ 
Table 2 shows some parameters of the organic material budget for Myti/M$ 
in two temperature conditions when Chlorella was used as food. Experimental 
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Table 2 
Some parameters of the organic material budget in M ytilus edulis 
at different water temperature conditions 
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Assimilation Water I Weight of Ingestion Faeces Pseudofaeces Assimilation temperature mussels 
(mg) (mg) (mg) (mg) 
efficiency 
CC) I (g) (%) 
5.6- 6.8 37. 7±3.1 10. 05±1. 22 4.0!±0.671 4. 95±1.17 6, 04±1. 59 59. 38±10. 09 
20.1-22.3 34. 6±3. 6 14:01±1. 94 6. 38±1. 21 6. 24±2. 18 7. 63±2. 33 52. 04±1!. 58 
5.6- 6.8 2.07±0.05 0.6!±0.03 0. 93±0. 04 1.46±0. 06 70. 56± l. 72 
20. l-22.3 I 
6.4±1.0 I 
6.3±1.0 3. 06±0. 08 l. 06±0.12 1.19±0. 27 2, 00±0. 09 64. 29± 8. 75 
' .. 
Imt1al food concentration; 27.66±3.49 mg orgamc matter (Ohlorella)/1 
Experimental period; 2 hours 
5 replicates for each experiment 
period was 2 h. Water became completely clear within 2 h. At low temperatures 
(5.6-6.8'0), a large mussel ingested 10.05 mg of organic matter and assimilated 
6.04 mg. Assimilation efficiency was 59.38%. A small mussel ingested 2.07 mg 
and a~simil~ted 1.46 mg (assimilation efficiency, 70.56%). Higher efficiency was 
recogmzed m the smaller mussels, while conditions were also the case at higher 
temperatures (20.1-22.3°0). 
Table 3 shows the organic content of faeces and suspended material, and the 
~ssimilation ~fficiency of mussels in the field. There was no remarkable seasonality 
m the orgamc matter content of the suspended materials and faeces, but they 
fluctuated greatly. There was no marked difference in the assimilation efficiency 
between large and small mussels. 
Table 3 
Organic contents of the faeces of large and small mussels collected from the sea 
shore, suspended material, and assimilation efficiency 
calculated by the method of Conover (1966) 
Water I No. of I Weight of Suspended Assimilation 
No. mussels mussels temperature Faeces* material* efficiency* 
used I (g) ('0) (%) (%) (%) 
l 5 29.1±2.4 5.6- 6.8 20. 3-42. 6 (29. 4) 2!. 6-61.! (56. 2) 31. 5-69.4 (52. 4) 
2 20 6. 0±0. 9 5.6- 6.8 25. 6-38. 7 (32. l) 2!. 6-61. l (56. 2) 42. 5-77. 8 (55. 8) 
3 5 26. 2±!. 4 10.3-15.5 35. 6-49. 2 (40. 3) 35. 6-68. 2 (53. 8) ll. 5-54. 9 (42. 8) 
4 20 7. 3±1.! 10.3-15.5 23. 9-45. l (38. 6) 35. 6-68. 2 (53. 8) 35. 6-80. 3 (57.!) 
5 5 28.3±2.1 23.4-24.1 38. 2-42. 4 (40. 2) 36. l-70. 3 (52. l) 18. 9-74. 2 (46. 4) 
6 I 20 7.0±1.3 23.4-24. l 24.5-41. 2(34. 7) 36.1-70.3(52.1) 29. 3-75. 6 (56. 9) 
* range (mean) 
DISCUSSION 
Most of the energy budget studies for the mussels were clone using cultured 
algae and estimated assimilation efficiency to be 0-85% (Wmnows and BAYNE, 
1971; THOMPSON: and BAYNE, 1972; VAHL, 1973; TENORE and DuNSTAN, 1973; 
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FoSTER-SMITH, 1975; Wmnows, 1978). There rs considerable variation in the 
efficiency. THOMPSON and BAYNE (1972) reported that the efficiency of Mytilus 
edulis decreased with increasing food concentration. Under low concentration 
( <2 cells of Tetraselmis suecica/!'1) the efficiency was >80% but at high concentra-
tion (>25 cellsfl'l) it was O%. They considered that the digestive tubules become 
full of algae and as feeding continues a proportion of the ingested material by-
passes the digestive gland. GRIFFITHS (1980a) also reported that the assimilation 
efficiency of Ohoromytilus meridionalis was high averaging SO% at the food concentra-
tion of 0.5 to 8 x 106 cells/1 of Dunaliella primolecta, but declined to O% at 30 X 10• 
cells fl. 
In the present study, the assimilation efficiency in Ohlorella suspension was 
34.1-71.6% with an average of 62.4%. Considering the data reported up to this 
time, the assimilation efficiency should be zero at the food concentration of about 
30 mg organic matter fl. The mechanisms that the higher efficiency was obtained 
is unknown. There may be some difference in the difficulty of digestion between 
algal species. 
For analysis of the energy budget in the field, natural suspended material should 
be used as food, and the effect of re-suspended bottom materials should be taken 
into account because some re-suspended materials may be present in shallow water 
(KriiRBOE et al., 1981). But it is difficult to spearate the re-suspended materials 
from natural suspension. Therefore, since the organic matter content of the natural 
suspended materials is very variable, it is difficult to use it in the experiments. 
The Conover's method is most appropriate for study in the field. Using this 
method, GRIFFITHS (1980b) reported that the assimilation efficiency of 
Ohoromytilus meridionalis on natural suspension was 40% in average, but quite 
variable (4.5-87%), and stated that variability in the data may be caused by 
the fact that water sampled at any one instance in the field may not reflect that 
which had been filtered by the muussel during the hour prior to removal from the 
bed. This is important and some adequate steps are needed. On the other hand, 
KII'"RBOE et al. (1980) investigated the assimilation efficiency of Myt,1us edulis 
collected from the sea bottom and reported that the carbon absorption efficiency 
was 52-65% at various silt concentrations (75-2766/'gC/1). In the present study, 
the assimilation efficiency on natural suspended material was 11.5-80.3% with an 
average of 54.5%. There was no remarkable difference in the efficiency between 
on Ohlorella and natural suspension. 
Provided only the organic matter in food is assimilated, the amount of as-
similated organic matter could be estimated from the data of assimilation efficiency 
and the amount of faeces, namely the ratio of the organic matter in faeces to that 
assimilated. The ratio is estimated to be 1:1.2 since the assimilation efficiency 
was estimated at 55%. The amount of faeces was estimated to be 9.20 kg/m2/yr 
(TsucHIYA, 1980). The organic matter content of the faeces is shown in Table 2. 
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Mussels collected at rocky shore were transferred to a beaker filled with filtered 
water. Within 3 hours, their gut contents were egested as faeces. These faeces 
contained 20.3-49.2% organic matter with an average of 38.2%. Therefore, the 
amount of organic matter produced by Mytilus population on rocky shore is 
estimated to be 9.20 X 0.38=3.50 kg/m2/yr and assimilation rate 3.50X 1.2=4.20 
kg/m2/yr. It must be noted that a little organic matter (comprising 2% of the total 
amount of faeces and 4% of the total amount of pseudofaeces) is not derived 
directly from the food ingested. It may be organic matter stored in body tissue 
before ingestion, i.e. mucus or fragments of gut. 
Pseudofaeces seems to contain a proportion of organic matter to that of faeces 
(TsucHIYA, unpublished data). The amount of psendofaeces produced by a 
Mytilus population on rocky shore was estimated to be 2.71 kgjm2/yr (TsucHIYA, 
1980). Therefore, the organic matter excreted in pseudofaeces is estimsted at 
2.71 X 0.38=1.03 kgjm2/yr. 
Biodeposits contain energy and nutrient substances, and they may increase 
with the lapse of time and become convenient food for small detritus feeders in the 
mussel bed. This is well known for the deposit feeders (NEWELL, 1965; TsucHIYA 
and KURIHARA, 1979). 
Although it involves many assumptions, a tentative organic matter budget 
diagram is shown in Fig. 2. The assimilated organic matter is used for growth, 
respiration, gamete production, excretion. Further investigation is needed for 
precise estimation of each component. 
Many laboratory studies on energy budegt in suspension feeding bivalves have 
been done (e.g. TENORE et al., 1973; THOMPSON and BAYNE, 1974; RoDHOUSE, 1978; 
Wmnows, 1978 GRIFFITHS, 1980b; K:rli>"RBOE et al., 1980, 1981; RnsoARD and 




Fig. 2. Organic matter budget of a Mytilus edulis population living in one square meter 
of rocky intertidal shore of Mutsu Bay. al: suspended material filtered by mussels. 
a2: suspended material passed through shells. a3: not collected. Values for a2 and 
a3 were not determined. It is easily speculated that a3 is fairly large. Each value 
is given as the dry weight of organic matter. 
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RANDL!iiV, 1981), but detailed discussion applicable to the natural population is 
lacking. In the natural habitat, the budget is affected by many biological and 
non-biological factors. Some parts of organic materials caught by suspension 
feeders may be consumed by carnivores. They also make habitats for small 
organisms living in the mussel bed and used as food. The main subject of 
studies on the community structure of the intertidal zone has been prey-predator 
relations (e.g. CaNNEL, 1960a, b; DAYTON, 1971; LuBCHENCO and MENGE, 1978; 
PAINE, 1969, 1974). The relations between the suspension feeders, small animals 
living between them and carnivores need further investigation. 
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